Abstract. In the paper there is presented a case study of a cabinet barrier for a car parking. The materials used for manufacture are changed with polymeric composites. A design is proposed for the cabinet and a manufacturing technology is considered. The composite material is designed, realized and tested with tensile test ant three bending test and the results are presented.
materials are usually manufactured in layered or laminated structures which are available in a variety of forms.
Many researchers studied the mechanical behavior of a glass fiber reinforced composite and presented their connection with the fiber strength and modulus, fiber weight fraction, orientation, type, chemical stability, matrix strength and the interface bonding between the fiber and the matrix [12] [13] [14] [15] [16] [17] [18] .
Considering that the strength and stiffness is not the same in all directions of a multilayered composite, the use of such a material needs a very accurate manufacture but only after the mechanical proprieties are determined.
Case study considerations 2.1 Product
A lot of products from the market, made of plastics are nowadays changed by similar ones but made of composites. The new technology that is needed is very different from the initial one. Such a product was a challenge for the authors who consider that the barrier cage used for automatic parking needs to be improved.
The proposal for the upper part of the product is presented in figure 1 . The SolidWorks 2016 program was used to build the 3D model. The barrier cabinet is designed to replace the old models currently available on the market. The upper part of the cabinet will be made by resin transfer moulding, and the material used for the reinforcement is a bidirectional glass fiber fabric. The dimensions of the upper part of the barrier are as follows: 1000 x 550 x 350 mm.
Manufacturing
The manufacturing technology proposed for the part is Resin Transfer Moulding (RTM) which is a low pressure moulding process in a closed mould for moderate volume production quantities.
Metered mixing equipment is used to control resin and catalyst quantities that are mixed through a mixer and injected into the mould port.
The main advantages that make the technology proper for our product are a uniform thickness, good quality surface for both sides of the component and low emissions. For optimum surface finish, a gel coat would be applied to the mould surface prior to moulding. Fabrics or mats are usually used and laid upon the bottom (female) part of the mould. Preformed glass reinforcements are often used for complex mould shapes. The upper mould tool is then clamped over the first, and the resin is injected into the cavity. The technology is in some cases improved with the usage of vacuum which is applied to the mould cavity to assist resin into the fabrics. This is known as Vacuum Assisted Resin Injection (VARI). After all the fabric is wet out, the laminate is allowed to cure at ambient or elevated temperature.
Samples
Experimental research was performed in order to determine the mechanical characteristics for the proposed structure of the barrier upper part in order to be strength and also flexible as the usually demands for such a product are. The necessary experiments are tensile test and three point bending test.
In order to obtain the samples, a plate with initial dimensions of 250 x 250 x 2 mm was obtained using Resin transfer moulding technology.
An epoxy resin, type Epiphen RE 4020 / DE 4020, was used for the matrix. The mixing ratio of the parts (in weight) is 100:30, according to the manufacturer recommendations.
For reinforcement 4 layers of bidirectional balanced glass fabric by 300 g/m 2 was used and the calculated fiber volume fraction is 62.5%, which is very close to the maximum value of 65% that can be realized with this technology. The whole composite system was cured at 20°C for 24 hours.
From the plate obtained in this way, six samples for both tensile test and for three point bending test were cut.
The samples dimensions are made according to the prescriptions from the standards EN ISO 527-4 and ISO 527-5-2000 for tensile test and ISO 1425:2013 for bending tests.
The cutting of the samples was made with the water cutting machine.
Experimental results
The samples were tested on a Zwick/Roel Materials testing machine Z150 with test Control PC and the software testXpert II was used.
The results from the tensile tests are presented in figure 3 and the values registered by the machine are presented in table 1. It can be seen that all the graphics from sample 1 to 6 have the same slope, almost linear and this means that the plate was manufactured properly. The deformation is almost linear till the maximum force, when the specimens breaks, and is recorded the maximum force and deformation.
The medium value for the 6 samples, "x", the dispersion of the results, "s" and the dispersal coefficient, "ν", are calculated by the machine software and presented in table 2. They all indicate that the manufacturing through Resin Transfer Moulding offers good characteristics all over the surface and this is very important for a part that is supposed to be hit during usage. Fig. 3 . Results of tensile tests. Table 1 . Individual values for the samples. Table 2 . Medium values for the series of 6 samples.
The results from the bending tests are presented in figure 4 and the values registered by the machine are presented in table 3. It can be seen that all the graphics from sample 1 to 6 have the same shape and this means that the material has the same characteristics all over the plate.
The medium value for the 6 samples, "x", the dispersion of the results, "s" and the dispersal coefficient, "ν", are calculated by the machine software and presented in table 4. They all indicate that the manufacturing through Resin Transfer Moulding offers good characteristics all over the surface and this is very important for a part that is supposed to be hit during usage. Before starting the test, the machine is set to the test parameters. As seen in figure  4 , the behavior of the composite has four stages during the test. The first stage, almost linear, explains the elastic deformation of the composite. The second stage begins after the load reaches a peak value, when diminish of about 20-50 % of the peak load was observed in composite laminate structures.
This load diminish appears because of the fiber cracking and delamination, or some defects in the structure of the composite. In the third stage, because only the reinforcement carried the load, the specimen grew again but never exceeded the previous peak load. The case study presented shows that using a polymeric based composite material the product is more resistant to pressure than plastics without reinforcement. The technology proposed has the advantage, compared to other technologies used for composite parts, that assures a good quality for the part both in geometry and in quality surface. The design of the composite structure is important for obtaining high strength and also good flexural proprieties. The composite material was realized and tested and the results show a good behavior at traction but some delamination at bending.
The appearance and propagation of delamination between layers is of great importance and the prediction of the failure of the composite structures should be considered for study. One possible causes of delamination in our case can be the uniform structure used for the part as all the layers were in the same direction and the penetration of the resin between them was, in this way, difficult.
